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(57) A displacement control valve for a variable dis-
placement compressor has a control passage, a valve
hole formed in the control passage, a first shaft portion
having a valve body, and a connecting portion connected
to the end portion of the valve body. The control passage
is connected to a crank chamber for controlling the pres-
sure in the crank chamber for adjusting the discharge

displacement of the compressor. The valve body is
formed at an end portion of the first shaft portion to open
and close the valve hole. The connecting portion con-
nected.to the end portion of the valve body is disposed
into the valve hole, and a circumferential surface of the
connecting portion has a curved surface so as to be flared
out at an end of the connecting portion.
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Description
BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to a displacement
control valve of a variable displacement compressor
which is used in a vehicle air conditioner.

[0002] Generally, avariable displacement compressor
(hereinafter referred to as "compressor") is known as a
compressor for use in a vehicle air conditioner, which
variably controls the displacement. In this type of com-
pressor, a swash plate is accommodated in a crank
chamber and is inclinable with respect to a drive shaft.
As the pressure in the crank chamber increases, the in-
clination of the swash plate approaches to be perpendic-
ular to the axis of the drive shaft (the inclination angle of
the swash plate decreases). As the pressure in the crank
chamber decreases, the swash plate is inclined so that
the inclination of the swash plate approaches to the axis
of the drive shaft (the inclination angle of the swash plate
increases). The compressor has a plurarity of pistons ,
and the stroke of the pistons changes in accordance with
the inclination angle of the swash plate. For example,
when the pressure in the crank chamber is high and the
inclination angle of the swash plate is small, the stroke
of the piston is short. When the pressure in the crank
chamber is low and the inclination angle of the swash
plate is large, the stroke of the pistons is long. As the
stroke of the pistons decreases, the displacement of the
compressor decreases. As the stroke of the pistons in-
creases, the displacement of the compressor increases.
[0003] Japanese Unexamined Patent Application
Publication (KOKAI) No. 9-268973, or, the corresponding
U.S. Patent No. 5890876 discloses a displacement con-
trol valve 49 for a compressor. The displacement control
valve 49 has a valve housing 61 and a solenoid 62 joined
thereto. A valve chamber 63 is defined by the valve hous-
ing 61 and the solenoid 62, and is connected to a dis-
charge chamber 38. A valve body 64 is arranged in the
valve chamber 63 to open and close a valve hole 66. The
valve hole 66 is connected to a crank chamber 15.
[0004] The displacement control valve 49 has a pres-
sure sensing chamber 68 which is connected to a suction
passage 32 and provided a bellows 70 therein. The bel-
lows 70 is connected to the valve body 64 by a rod 72
which has a large diameter portion 72a and a small di-
ameter portion 72b. The large-diameter portion 72a ex-
tends through and slides with respect to a guide hole 71.
The small-diameter portion 72b extends through the
valve hole 66. The small-diameter portion 72b is con-
nected to a top end 64a of the valve body 64 by a tapered
portion 73. The diameter of the tapered portion 73 in-
creases toward the valve body 64.

[0005] When the valve hole 66 is opened, the refriger-
ant gas in the discharge chamber 38 flows into the crank
chamber 15. When the valve hole 66 is closed by the
valve body 64, the refrigerant is not introduced from the
discharge chamber 38 to the crank chamber 15.
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[0006] When the solenoid 62 is excited and the valve
body 64 is moved in the direction to close the valve hole
66, the amount of the refrigerant which flows from the
discharge chamber 38 to the crank chamber 15 is de-
creased so that the pressure in the crank chamber 15
decreases and the inclination angle of a swash plate 22
increases. When the solenoid 62 is not excited and the
valve body 64 is moved away from the valve hole 66, the
amount of the refrigerant from the discharge chamber 38
tothe crank chamber 15 is increased so that the pressure
in the crank chamber 15 increases and the inclination
angle of the swash plate 22 decreases. Since the tapered
portion 73 is formed at the top end 64a of the valve body
64, and the diameter of the tapered portion 73 adjacent
to the top end 64a is larger than the diameter of the ta-
pered portion 73 adjacent to the rod 72, the cross-sec-
tional area of the flow path of the valve hole 66 varies
gradually in accordance with the movement of the ta-
pered portion 73, when the valve body 64 opens and
closes the valve hole 66. Thus, due to opening and clos-
ing of the displacement control valve 49, rapid start and
stop of the supply of the highly-pressurized refrigerant
into the crank chamber 15 may be prevented.

[0007] In the Japanese Unexamined Patent Applica-
tion Publication No. 9-268973, the cross-sectional area
of the flow path through which the refrigerant flows varies
discontinuously at a connecting part of the tapered por-
tion 73 and the top end 64a of the valve body 64, and a
continuous flow rate control and the stable control may
not be accomplished. For example, in a graph shown in
FIG. 8, the movement distance of the valve body 64 is
indicated by a horizontal axis, and the cross-sectional
area in the flow path is indicated by a vertical axis. A
characteristic of the conventional art is shown by a char-
acteristic curve indicated by a graph GO0, which connects
points A, B, C, and D. The characteristic curve GO is
discontinuous at the point B and C. The cross-sectional
area of the flow path varies discontinuously in accord-
ance with the movement distance of the valve body 64.
Especially at the neighborhood of the point B which cor-
responds to a beginning of the displacement control, the
graph GO varies discontinuously. The point B corre-
sponds to the discontinuous connecting part of the top
end 64a of the valve body 64 and the larger-diameter
side of the tapered portion 73. The point C corresponds
to the discontinuous connecting part of the small-diam-
eter portion 72b of the tapered portion 73 and the smaller-
diameter side of the pressure sensing rod 72. Thus, at
the neighborhood of the point B and C, the continuous
flow rate control and thereby a target displacement may
not be accomplished.

[0008] The presentinvention which is made in view of
the above problems is directed to a displacement control
valve for a variable displacement compressor which has
a continuous flow rate control and an improved stability
in control.
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SUMMARY OF THE INVENTION

[0009] An aspect in accordance with the present in-
vention provides a displacement control valve for a var-
iable displacement compressor. The displacement con-
trol valve has a control passage, a valve hole formed in
the control passage, a first shaft portion including a valve
body, and a connecting portion connected to the end por-
tion of the valve body. The control passage is connected
to a crank chamber for controlling the pressure in the
crank chamber for adjusting the discharge displacement
of the compressor. The valve body is formed at an end
portion of the first shaft portion to open and close the
valve hole. The connecting portion connected to the end
portion of the valve body is disposed into the valve hole,
and a circumferential surface of the connecting portion
has a curved surface so as to be flared out at an end of
the connecting portion.

[0010] Other aspects and advantages of the invention
will become apparent from the following description, tak-
en in conjunction with the accompanying drawings, illus-
trating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The features of the present invention that are
believed to be novel are set forth with particularity in the
appended claims. The invention together with objects
and advantages thereof, may best be understood by ref-
erence to the following description of the presently pre-
ferred embodiments together with the accompanying
drawings in which:

FIG. 1 is a longitudinal cross-sectional view sche-
matically showing a compressor according to a first
embodiment;

FIG. 2 is a longitudinal cross-sectional view sche-
matically showing a displacement control valve ac-
cording to the first embodiment;

FIG. 3 is a partial sectional view showing a connect-
ing portion of the displacement control valve accord-
ing to the first embodiment;

FIG. 4 is a graph for specifying the shape of the con-
necting portion according to the first embodiment, a
second embodiment, and a third embodiments;

FIG. 5A is a partial sectional view for explaining op-
eration of the displacement control valve according
to the first embodiment, when the displacement con-
trol valve starts to be opened;

FIG. 5B is a partial sectional view for explaining op-
eration of the displacement control valve according
to the first embodiment, when the displacement con-
trol valve is fully opened;
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FIG. 6 is a partial sectional view showing a connect-
ing portion of the displacement control valve accord-
ing to the second embodiment;

FIG 7 is a partial sectional view showing a connecting
portion of the displacement control valve according
to the third embodiment; and

FIG. 8 is a graph for specifying a shape of a con-
necting portion according to a conventional art.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0012] The following will describe a displacement con-
trol valve for a variable displacement compressor (here-
inafter referred to as "displacement control valve) of a
first preferred embodiment according to the present in-
vention with reference to FiGs. 1 through 5. Referring to
FIG. 1, a variable displacement compressor 10 (herein-
after referred to as "compressor") includes a housing,
which forms its configuration. The housing 11 includes a
cylinder block 12 having a plurarity of cylinder bores 12a
formed therein, a front housing 13 which is joined to the
front end (left side in FIG. 1) of the cylinder block 12, and
a rear housing 14 which is joined to the rear end (right
side in FIG. 1) of the cylinder block 12. Abolt 15is passed
through the front housing 13, the cylinder block 12 and
the rear housing 14 to tighten those components in the
axial direction of the bolt 15, so that those components
are integrally fixed to form the housing 11.

[0013] The front housing 13 has a crank chamber 16
defined therein, whose rear end is closed by the cylinder
block 12. A drive shaft 17 is rotatably supported by a
radial bearing 18 provided in the front housing 13 and a
radial bearing 19 provided in the cylinder block 12 so as
to extend through the vicinity of the center of the crank
chamber 16. A sealing mechanism 20 is provided in front
of the radial bearing 18 which supports the front part of
the drive shaft 17 so as to keep in slide contact with the
circumferential surface of the drive shaft 17. The sealing
mechanism 20 has a lip seal member and the like to
prevent refrigerant in the crank chamber 16 from leaking
through a clearance between the front housing 13 and
the drive shaft 17. The front end of the drive shaft 17 is
connected to an external drive source (not shown)
through a power transmission mechanism (not shown)
so that the drive shaft 17 is rotated by the external drive
source.

[0014] A lug plate 21 is fixedly mounted on the drive
shaft 17 in the crank chamber 16 so as to integrally rotate
with the drive shaft 17. A swash plate 23 which constitutes
a displacement changing mechanism 22 is supported by
the drive shaft 17 in the rear side of the lug plate 21 so
as to slide along and incline relative to the axial direction
of the drive shaft 17, A hinge mechanism 24 is interposed
between the swash plate 23 and the lug plate 21. The
swash plate 23 is connected to the lug plate 21 through
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the hinge mechanism 24 so as to synchronously rotate
with and incline relative to the lug plate 21 and the drive
shaft 17.

[0015] A coil spring 25 is wound around the drive shaft
17 between the lug plate 21 and the swash plate 23. A
cylindrical body 26 is slidably fitted on the drive shaft 17,
and is urged by the coil spring 25 rearward. The swash
plate 23 is continuously urged rearward through the cy-
lindrical body 26 urged by the coil spring 25. That is, the
swash plate 23 is urged continuously in a direction to
decrease the inclination angle of the swash plate 23. It
is noted that an inclination angle of the swash plate 23
represents an angle formed by a plane perpendicular to
the drive shaft 17 and the plane of the swash plate 23.
A stopper 23a protrudes from the front surface of the
swash plate 23. The maximum inclination angle of the
swash plate 23 is regulated by the contact between the
lug plate 21 and the stopper 23a as shown in FIG. 1. A
retaining ring 27 is fitted on the drive shaft 17 in the rear
side of the swash plate 23, and a coil spring 28 is wound
around the drive shaft 17 in front of the retaining ring 27.
The minimum inclination angle of the swash plate 23 is
regulated by the contact between the swash plate 23 and
the front end of the coil spring 28. In FIG 1, the swash
plate 23 indicated by a solid line is at a position of the
maximum inclination angle, and the swash plate 23 indi-
cated by a phantom line is at a position of the minimum
inclination angle.

[0016] A single-headed piston 29 is disposed in each
cylinder bore 12a of the cylinder block 12 respectively so
as to reciprocate therein. A compression chamber 31 is
defined by each cylinder bore 12a and each head of the
piston 29. A neck portion of the piston 29 engages with
the periphery of the swash plate 23 through a pair of
shoes 30. As the swash plate 23 is rotated with the drive
shaft 17, the rotation of the swash plate 23 is converted
to the reciprocation movement of each piston 29 through
shoes 30. As shown in FIG. 1, the front end of the rear
housing 14 is joined to the rear end of the cylinder block
12. A suction chamber 38 is defined at the center of the
rear housing 14. A discharge chamber 39 is defined at
the periphery of the rear housing 14. The discharge
chamber 39 is separated from the suction chamber 38
by a partition wall 14a.

[0017] A valve plate 32, valve body forming plates 33,
34, and aretainer 35 are interposed between the cylinder
block 12 and the rear housing 14. The valve plate 32
forms a compression chamber 31 in each cylinder bore
12a together with each piston 29. Suction ports 36 and
discharge ports 37 are formed in the valve plate 32. Each
suction port 36 corresponds to one of the cylinder bore
12a to communicate the cylinder bore 12a to the suction
chamber 38. Each discharge port 37 corresponds to one
ofthe cylinder bore 12a to communicate the cylinder bore
12ato the discharge chamber 39. The valve body forming
plate 33 has suction valves (not shown). Each suction
valve corresponds to one of the suction ports 36 and is
interposed between the suction chamber 38 and the cor-
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responding compression chamber 31. The valve body
forming plate 34 has reed type discharge valves 34a.
Each discharge valve 34a corresponds to one of the dis-
charge ports 37 and is interposed between the discharge
port 37 and the discharge chamber 39. The retainer reg-
ulates the maximum opening degree of each discharge
valve 34a.

[0018] While the piston 29 moves from its top dead
center to its bottom center, the refrigerant in the suction
chamber 38 is introduced into the compression chamber
31 through the suction port 36 and the suction valve (not
shown). While the piston 29 moves from its bottom dead
center to its top dead center, the refrigerant introduced
into the compression chamber 31, is compressed to a
predetermined pressure and then discharged to the dis-
charge chamber 39 through the discharge port 37 and
the discharge valve 34a. The inclination angle of the
swash plate 23 is determined by a moment caused by
the pressure of the refrigerant, and the like. The moment
caused by the pressure of the refrigerant is the moment
generated on the basis of the correlation between the
pressure in each compression chamber 31 and the pres-
sure in the crank chamber 16 which is applied to the back
surface of each piston 29. The moment is applied to the
swash plate 23 in the direction to increase or to decrease
the inclination angle in accordance with fluctuation of the
pressure in the crank chamber 16. In the compressor 10
of this embodiment, a control valve which is described
after, controls the pressure in the crank chamber 16, and
varies the moment caused by the pressure of the refrig-
erant appropriately, so that the inclination angle of the
swash plate 23 is set at an optional angle between the
minimum inclination angle and the maximum inclination
angle.

[0019] An external refrigerant circuit will be described.
The suction chamber 38 is connected to an external re-
frigerant circuit 42 through a suction passage 40 formed
in the rear housing 14, and the refrigerant in the external
refrigerant circuit 42 is supplied to the suction chamber
38 through the suction passage 40. In this embodiment,
a suction pressure region includes the suction chamber
38 and the suction passage 40. The discharge chamber
39 is connected to the external refrigerant circuit 42
through a discharge passage 41 formed in the rear hous-
ing 14, and the refrigerant in the discharge chamber 39
is discharged to the external refrigerant circuit 42. The
external refrigerant circuit 42 includes a condenser 43,
an expansion valve 44, and a heat exchanger 45. The
condenser 43 absorbs heat from the refrigerant, and the
heat exchanger 45 transmits heat to the refrigerant.
[0020] The expansion valve 44 is a temperature sens-
ing type automatic expansion valve for controlling the
flow rate of the refrigerant in accordance with the tem-
perature fluctuation of the refrigerant at an outlet of the
heat exchanger 43. A throttle 46 is provided on the down-
stream side of the discharge passage 41 and on the up-
stream side of the heat exchanger 43 in the external re-
frigerant circuit 42. In this embodiment, an upstream cir-
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cuit 42a is defined by a part of the external refrigerant
circuit 42 between the discharge passage 41 and the
throttle 46, and a downstream circuit 42b is defined by a
part of the external refrigerant circuit 42 between the
throttle 46 and the heat exchanger 43. A discharge pres-
sure region includes the discharge chamber 39, the up-
stream circuit 42a, and the downstream circuit 42b in this
embodiment.

[0021] AsshowninFIG 1, adisplacementcontrol valve
50 is provided in the rear housing 14 to supply the refrig-
erantin the discharge pressure region to the crank cham-
ber 16. As shownin FIG.2. the displacement control valve
50 includes a valve housing 51, a solenoid 66, a rod 70
including a valve body 72, and a pressure sensing mech-
anism 62 as main parts. The valve housing 51 is sub-
stantially cylindrical shape and has a plurarity of cham-
berstherein. The solenoid is connected to the valve hous-
ing 51. The rod 70 including the valve body 72 serves as
a reciprocation body, and moves in one direction by the
exciting force of the solenoid 66, and moves in the op-
posite direction by the pressure sensing mechanism 62.
[0022] A pressure sensing chamber 52 is defined in
the valve housing 51 adjacent to a first end, or a upper
end (upper side of FIG 1). An end wall member 58 is
fitted at the upper end of the pressure sensing chamber
52. The pressure sensing chamber 52 accommodates
the pressure sensing mechanism 62 therein. The pres-
sure sensing mechanism 62 has a bellows 63 which di-
vides the pressure sensing chamber 52 into the low-pres-
sure chamber 52a and a high-pressure chamber 52b. A
fixed end, or the upper end of the bellows 63 is fixed to
the end wall member 58. The high-pressure chamber
52b is defined inside the bellows 63. The low-pressure
chamber 52a is defined outside the bellows 63.

[0023] A valve chamber 53 is defined next to the pres-
sure sensing chamber 52. The valve chamber 53 is sep-
arated from the pressure sensing chamber 52 by a par-
tition wall 51a. The partition wall 51a has a valve hole 54
therethrough and a valve seat 54a around the valve hole
54 on the side ofthe valve chamber 53, The valve housing
51 has a first communication port 55 as a first port and
a second communication port 57 as a second port. The
first communication port 55 connects the low-pressure
chamber 52a of the pressure sensing chamber 52 to the
downstream circuit 42b. The second communication port
57 connects the valve chamber 53 to the crank chamber
16.

[0024] A supply passage as a control passage is
formed in the valve housing 51. A valve hole 54 is formed
in the control passage. The control passage communi-
cates the first communication port 55 to the second com-
munication port 57 through the valve hole 54. That is, the
supply passage is constituted between the first commu-
nication port 55 and the second communication port 57,
and includes the low-pressure chamber 52a which is part
of the pressure sensing chamber 52, the valve chamber
53, and the valve hole 54. The first communication port
55 is connected to the downstream circuit 42b through a
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first communication passage 59, The second communi-
cation port 57 is connected to the crank chamber 16
through a second communication passage 61. The pres-
sure in the discharge chamber 39 and the upstream cir-
cuit 42ais high, and the pressure in the downstream cir-
cuit42b, the crank chamber 16, and the suction chamber
38 is decreased in this order. It is noted that when the
compressor 10 is operated at the maximum displace-
ment, the pressure in the suction chamber 38 and the
crank chamber 16 is substantially equal.

[0025] Inthe pressure sensing chamber 52, a movable
member 64 is connected on a movable end, or the lower
end of the bellows 63. The high-pressure chamber 52b
is defined inside the bellows 63, and the low-pressure
chamber 52a is defined outside the bellows 63. A third
communication port 56 is formed in the end wall member
58 and connects the high-pressure chamber 52b to the
upstream circuit 42a through a third communication pas-
sage 60. The pressure difference between the low-pres-
sure chamber 52a and the high-pressure chamber 52b
gives a force to the movable member 64 in the direction
to extend the bellows 63. Accordingly, when the pressure
difference between the low-pressure chamber 52a and
the high-pressure chamber 52b exists, the force in a di-
rection to extend the bellows 63 is given to the movable
member 64.

[0026] The solenoid 66 is connected to a lower end
(lower side of FIG. 1) of the valve housing 51 adjacent
to the valve chamber 53. The solenoid 66 has a fixed
core 67 which faces the valve chamber 53, and the fixed
core closes the lower end of the valve housing 51. The
solenoid 66 has a movable core 68 and an electromag-
netic coil 69. The movable core 68 faces the fixed core
67. The electromagnetic coil 69 is formed so as to sur-
round the fixed core 67 and the movable core 68. The
fixed core 67 has a through hole 67a formed through the
center thereof, and the through hole 67a has a larger
diameter than the valve hole 54. The axial center of the
through hole 67a is coaxial with that of the valve hole 54.
The fixed core 67 attracts the movable core 68 when
electric current is supplied to the electromagnetic coil 69
to excite the electromagnetic coil 69. The solenoid 66 is
controlled by a current supply control (a duty control)
based on a duty ratio of a control unit (not shown).
[0027] The rod 70 will now be described. In the first
embodiment, the rod 70 is disposed in the valve housing
51, andincludes a first shaft portion 71 whose end portion
serves as the valve body 72. The first shaft portion 71
has a round-bar shape. The first shaft portion 71 is sur-
rounded by the solenoid 66, and a part of the first shaft
portion 71 is disposed in the valve chamber 53. The first
shaft portion 71 has a larger diameter than the valve hole
54. In this embodiment, most of the first shaft portion 71
is located in the through hole 67a of the fixed core 67 so
as to slide along the through hole 67a of the fixed core
67. The lower end of the first shaft portion 71 adjacent
to the solenoid 66 is connected to the movable core 68.
Since the diameter of the first shaft portion 71 is set larger
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than that of the valve hole 54, the upper end of the first
shaft portion 71 adjacent to the valve hole 54 serves as
the valve body 72. That is, when the first shaft portion 71
which includes the valve body 72 is in contact with the
partition wall 51 a which faces the valve chamber 53, the
valve hole 54 is closed. When the contact between the
first shaft portion 71 and the partition wall 51 ais released,
the valve hole 54 is opened.

[0028] A spring receiving body 73 is mounted on the
first shaft portion 71 and located in the valve chamber
53. The spring receiving body 73 has a flange. A coil
spring 74 is interposed between the spring receiving body
73 and the partition wall 51a. When the exciting force of
the electromagnetic coil 69 is not applied to the movable
core 68, the coil spring 74 moves the rod 70 toward the
solenoid 66. That s, the coil spring 74 urges the first shaft
portion 71 in the direction to move the movable core 68
away from the fixed core 67 through the spring receiving
body 73. A connecting portion 76 connects the end por-
tion of the first shaft portion 71 and a second shaft portion.
The second shaft portion 75 is a round-bar shape, and
is coaxial with the first shaft portion 71. The second shaft
portion 75 has a sufficiently smaller diameter than the
valve hole 54 and extends through the valve hole 54 to
be connected to the pressure sensing mechanism 62. A
clearance with an annular cross section formed by the
valve hole 54 and the rod 70 (the second shaft portion
75 or the connecting portion 76) constitutes a flow path,
when the valve body 72 opens the valve hole 54. The
flow path forms a part of the control passage.

[0029] The connecting portion 76 will now be de-
scribed. As shown in FIG. 3, the lower end (lower side
of FIG. 3) of the connecting portion 76 is connected to
the first shaft portion 71, or the end portion of the valve
body 72, and the upper end of the connecting portion 76
is connected to the second shaft portion 75. The con-
necting portion 76 is integrally formed with the first shaft
portion 71 and the second shaft portion 75 to constitute
apartoftherod 70. The connecting portion 76 is disposed
into the valve hole 54 so that the vicinity of the axial center
of the connecting portion 76 protrudes into the valve hole
54 at the upper end portion of the valve body 72. That is,
the connecting portion 76 protrudes into the valve hole
54 from a plane end surface 72a of the valve body 72,
and is coaxial with the rod 70. The configuration of the
connecting portion 76 has a shape to be flared out at the
lower end of the connecting portion 76 adjacent to the
valve body 72, and the circumferential surface of the con-
necting portion 76 is formed with an arc-shaped curved
surface 76a which connects the plane end surface 72a
of the valve body 72 and the second shaft portion 75 in
a round chambered manner. In other words, the cross-
section of the connecting portion 76 cut along a longitu-
dinal axis of the rod 70 has an arc-shaped curve on both
sides of the axis so as to be flared out at the lower end
of the connecting portion 76 adjacent to the valve body
72.

[0030] The diameter of the lower end of the connecting
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portion 76 adjacent to the first shaft portion 71 is indicated
as R1. In other words, the diameter R1 is the diameter
of the lower end of the connecting portion 76 adjacent to
the plane end surface 72a of the valve body 72. The
diameter R1 is set smaller than the outside diameter of
the valve body 72, and substantially equal to the inside
diameter of the valve hole 54. The diameter of the upper
end of the connecting portion 76 adjacent to the second
shaft portion 75 is indicated as R2. The diameter R2 is
substantially equal to the diameter of the second shaft
portion 75. That s, the diameter of the connecting portion
76 decreases from the end portion of the valve body 72
toward the second shaft portion 75, and the circumfer-
ential surface of the connecting portion 76 is formed as
an arc-shaped curved surface 76a which connects the
plane end surface 72a of the valve body 72 and the cir-
cumferential surface of the second shaft portion 75. Thus,
the end portion of the valve body 72 and the second shaft
portion 75 are connected by the continuous curved sur-
face. The plane end surface 72a of the valve body 72
adjacent to the connecting portion 76 closes the valve
hole 54 by making contact with the valve seat 54a.

[0031] FIG. 4 is a graph for specifying the shape of the
connecting portion 76 of the first embodiment. The move-
ment distance of the valve body 72 indicated by a hori-
zontal axis, and the cross-sectional area in the flow path
is indicated by a vertical axis, and the shape of the con-
necting portion 76 is specified by a characteristic curve
indicated by a graphG1, or a solid line. That is, the graph
G1 is divided into three areas J1, J2, J3, which are indi-
cated in ascending order of the movement distance, and
the area J1 is the nearest to the origin (point A). In the
area J1, immediately after the opening of the valve 50,
the cross-sectional area of the flow path increases rapidly
in accordance with the increase of the movement dis-
tance of the valve body 72. In the area J2, the cross-
sectional area of the flow path increases slightly gradually
in accordance with the increase of the movement dis-
tance of the valve body 72. In the area J3, the cross-
sectional area of the flow path has reached at the max-
imum value and maintains the value constantly. The
characteristic curve of the graph G1 shows a continuous
curve at the boundary points from the area J1 to the area
J2, and from the area J2 to the area J3. That enables a
continuous flow control even around the boundary points.
[0032] Accordingly, in a predetermined range of the
movement distance of the valve body 72, the graph G1
is a smooth curve which shows the relation between the
cross-sectional area of the flow path and the movement
distance of the valve body 72, thereby enables a contin-
uous flow control. That is, when the movement distance
of the valve body 72 is determined, the cross-sectional
area of the flow path is unambiguously determined, and
the flow rate flowing through the flow path is determined.
Forreference, agraph G0 in FIG. 4 shows characteristics
of a conventional art and is indicated as a dotted line
which connects points A, B, C and D. The graph GO
shows a discontinuous curve at the points B and C.
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[0033] Operation of the displacement control valve of
the present embodiment will now be described with ref-
erence to FIGS. 5A and 5B. As external heat load such
as temperature in a vehicle compartment rises, the so-
lenoid 66 is excited by electric current supplied thereto,
Accordingly the movable core 68 is moved to the fixed
core 67, and the rod 70 is moved in the direction toward
the pressure sensing mechanism 62. On the other hand,
urging force is applied to the bellows 63 of the pressure
sensing mechanism 62 in accordance with the pressure
difference between the upstream circuit 42a and the
downstream circuit 42b. The moving direction of the rod
70 is determined by the balance of the urging force of
the bellows 63, the urging force of the coil spring 74, and
the exciting force of the solenoid 66. As the exciting force
of the solenoid 66 becomes greater to the urging forces
of the bellows 63 and the coil spring 74, the rod 70 is
moved in the direction to open the valve hole 54 (down-
ward in FIG. 5).

[0034] FIG. 5A shows a state of the displacement con-
trol valve 50 which is transited from a closed state to a
opened state to perform the displacement control. When
the rod 70 is moved in the direction to open the valve
hole 54, the valve body 72 is moved apart from the valve
hole 54. That is, the plane end surface 72a of the valve
body 72 is spaced away from the valve seat 54a. Thus,
the displacement control valve 50 is transited from the
closed state to the opened state. Immediately after the
opening of the valve hole 54, the cross-sectional area of
the flow path is determined by a distance between the
plane end surface 72a of the valve body 72 and the valve
seat 54a. When the distance between the plane end sur-
face 72a and the valve seat 54a increases, the cross-
sectional area of the flow path increases substantially
linearly (shown by the area J1 in FIG. 4), When the rod
70 moves further in the direction to open the valve hole
54, the cross-sectional area of the flow path is determined
by the positional relation between the arc-curved surface
76a of the connecting portion 76 and the valve hole 54.
Thus, the cross-sectional area of the flow path increases
slightly gradually in accordance with the movement dis-
tance of the valve body 72 (shown by the area J2 in FIG.
4).

[0035] The plane end surface 72a of the valve body
72 and the arc-curved surface 76a of the connecting por-
tion 76 are connected with a continuous surface so that
the cross-sectional area of the flow path changes
smoothly as shown by the smooth curve around the
boundary point from the area J1 to the area J2 in FIG. 4.
When the rod 70 moves and the connecting portion 76
is out of the valve hole 54, the cross-sectional area of
the flow path, which is determined by the valve hole 54
and the second shaft portion 75, becomes the maximum,
and the refrigerant flows sufficiently through the valve
hole 54 (shown by the area J3 in FIG. 4). The arc-curved
surface 76a of the connecting portion 76 and the circum-
ferential surface of the second shaft portion 75 are formed
to be connected with a continuous surface so that the
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cross-sectional area of the flow path changes smoothly
as shown by the smooth curve around the boundary point
from the area J2 to the area J3 in FIG. 4.

[0036] As the valve hole 54 is opened, part of the re-
frigerant with high pressure in the downstream circuit 42b
flows through the first communication passage 59 and
first communication port 55 into the low-pressure cham-
ber 52a in the pressure sensing chamber 52. The refrig-
erant in the low-pressure chamber 52a flows through the
flow path formed by the valve body 72 and the valve hole
54 into the valve chamber 53. Then the refrigerant flows
through the second communication port 57 and the sec-
ond communication passage 61 into the crank chamber
16. The inclination angle of the swash plate 23 is deter-
mined by the pressure in the crank chamber 16. Since
the refrigerant with high pressure is supplied to the crank
chamber 16, the pressure in the crank chamber 16 in-
creases and the inclination angle of the swash plate 23
decreases.

[0037] The opening and closing of the valve hole 54
by the valve body 72 is determined by the balance be-
tween the exciting force of the solenoid 66, the urging
force of the coil spring 74 and the pressure sensing mech-
anism 62. When the movementdistance of the valve body
72 is determined, the cross-sectional area of the flow
path is unambiguously determined, and the flow rate of
the refrigerant is determined accordingly. The pressure
in the crank chamber 16 is determined by the flow rate
of the refrigerant supplied to the crank chamber 16 so
that the inclination angle of the swash plate 23 is deter-
mined. In a determined range of the movement distance
of the valve body 72, the change of the cross-sectional
area of the flow path in accordance with movement dis-
tance of the valve body 72 draws a smooth and contin-
uous curve (graph G1in FIG. 4), and the flow rate control
can be continuous and smooth.

[0038] As external heat load such as temperature in a
vehicle compartment decreases, the current to the sole-
noid 66 decreases. In FIG 5B the displacement control
valve 50 is in a state that the movable core 68 is the
farthest from the fixed core 67. At the time, the solenoid
66 is not excited, and the rod 70 is moved toward the
solenoid 66 by the urging force of the coil spring 74 and
the pressure sensing mechanism 62. Thus the move-
ment distance of the valve body 72 is the maximum. The
connecting portion 76 of the valve body 72 is out of the
valve hole 54, and the cross-sectional area of the flow
path is maximum, which is determined by the valve hole
54 and the second shaft portion 75. Since the refrigerant
is supplied to the crank chamber 16 through the flow path
with the maximum cross-sectional area, the pressure in
the crank chamber 16 becomes maximum, and the incli-
nation angle of the swash plate 23 becomes minimum
accordingly so that the compressor 10 is operated at the
minimum displacement.

[0039] When the displacement control valve 50 of the
compressor 10 is transited from the opened state to the
closed state, the rod 70 is moved in the direction to close
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the valve hole 54 (upward in FIG. 5), and part of the con-
necting portion 76 is inserted into the valve hole 54 so
as to decrease the cross-sectional area in accordance
with the position of the arc-curved surface 76a. In this
case, the state of the displacement control valve 50 is
transited from the long movement distance state of the
valve body 72 to the short movement distance state
thereby decreasing the cross-sectional area of the flow
path. The operation of the control valve 50 transited from
the opened state to the closed state is the reverse oper-
ation of the transition from the closed state to the opened
state, and the explanation is omitted.

[0040] When the valve body 72 of the rod 70 is moved
in the direction to close the valve hole 54 and the cross-
sectional area of the flow path decreases, the flow rate
of the refrigerant which passes through the flow path de-
creases, and the refrigerant which is introduced into the
crank chamber 16 decreases accordingly. Thus the pres-
sure in the crank chamber 16 decreases, and the incli-
nation angle of the swash plate 23 increases so as to
increase the displacement of the compressor 10. When
the cross-sectional area of the flow path is zero, that is,
when the plane end surface 72a of the valve body 72 is
in contact with the valve seat 54a and the movement
distance of the valve body 72 is zero, the valve hole 54
is closed completely and the refrigerant is not supplied
to the crank chamber 16. Accordingly, the pressure in
the crank chamber 16 is minimum, and the inclination
angle of the swash plate 23 is maximum so as to operate
the compressor at the maximum displacement. Because
of the sealing performance by the contact between the
plane end surface 72a and the valve seat 54a, the refrig-
erant with high pressure does not leak into the crank
chamber 16 through the valve hole 54.

[0041] The displacement control valve 50 of the
present embodiment has the following advantageous ef-
fects.

(1) The end portion of the valve body 72 has the
connecting portion 76 protruding into the valve hole
54, and the configuration of the connecting portion
76 has a curved surface which protrudes at the vi-
cinity of the axial center of the valve body 72. In other
words, the end portion of the valve body 72 and the
cylindrical second shaft portion 75 which is connect-
ed adjacent to the valve body 72 is connected with
an arc-shaped curve. Thus, the cross-sectional area
of the flow path changes smoothly and continuously,
when the valve body 72 is moved with respect to the
valve hole 54. Thus, the displacement control valve
50 according to the present embodiment eliminates
the discontinuity of the change in the cross-sectional
area of the flow path in accordance with the move-
ment distance of the valve body 72, which is shown
in the conventional art. Accordingly, the continuous
flow rate control can be accomplished, and the con-
trol stability is improved.
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(2) The connecting portion 76 is formed with the arc-
shaped curved surface 76a which connects the
plane end surface 72a of the vale body 72 and the
cylindrical second shaft portion 75 adjacent to the
valve body 72. Accordingly, the displacement control
valve 50 is easily manufactured, and the manufac-
turing processes can be decreased. Further, the con-
necting portion 76 does not require a long axial length
so that the movement distance of the valve body 72
can be set shorter and the displacement control
valve 50 can be downsized.

(3) The valve hole 54 is closed when the plane end
surface 72a of the valve body 72 is in contact with
the valve seat 54a. In the closed state, the sealing
performance is reliably accomplished between the
valve body 72 and the valve hole 54. That prevents
the refrigerant with high pressure from leaking into
the crank chamber 16.

A displacement control valve according to the sec-
ond embodiment of the present invention will now
be described with reference to FIGs. 4 and 6. Since
most part of the displacement control valve of the
second embodiment is common or similar to the dis-
placement control valve 50 of the first embodiment,
the common or similar reference numerals of the fist
embodiment are applied to those of the second em-
bodiment, and the explanations are omitted.

As shown in FIG. 6, a displacement control valve 80
has a first shaft portion 82 with a valve body 83 at
the end portion thereof, and a second shaft portion
85. The second embodiment differs in the shape of
a connecting portion 86 formed at the end portion of
the valve body 83 from the connecting portion 76 of
the first embodiment. The connecting portion 86 has
a diameter R3 adjacent to the first shaft portion 82,
or adjacent to the end portion of the valve body 83
with which the connecting portion is formed. The di-
ameter R3 of the connecting portion 86 is equal to
the outside diameter of the valve body 83. The con-
necting portion 86 has a diameter adjacent to the
second shaft portion 85 indicated as R2, which is
equal to the diameter of the second shaft portion 75
of the first embodiment. That is, the connecting por-
tion 86 rises from a circumferential edge of the end
portion of the valve body 83, and decreases its di-
ameter toward the second shaft portion 85. The con-
figuration or the circumferential surface of the con-
necting portion 86 is formed with an arc-shaped
curved surface 86a which connects the circumfer-
ential edge of the end portion of the valve body 83
and the circumferential surface of the second shaft
portion 85. Thus, the valve hole 54 is closed when
the arc-shaped curved surface 86a of the connecting
portion 86 is in contact with an inner circumferential
edge of the valve seat 544, that is, the corner formed
by the valve seat 54 and the valve hole54.

FIG. 4 shows a graph G2 with a characteristic curve
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as a chain line for specifying the shape of the con-
necting portion 86. In the characteristic curve shown
by the graph G2, the cross-sectional area of the flow
path varies gradually and linearly from the origin
(point A) in accordance with the movement distance
of the valve body 83. Compared to the graph G1 of
the first embodiment, the inclination of the curve at
the beginning of the valve openingis gradual. Around
the boundary point to the maximum-opened state is
a continuous curve, and that enables the continuous
flow rate control around the boundary point.

The displacement control valve of the present inven-
tion has the following effects in addition to the effects
(1) and (2) of the first embodiment.

(4) The connecting portion 86 rises from the circum-
ferential edge of the end portion of the valve body
83, and the diameter of the connecting portion 86
decreases toward the second shaft portion 85. The
circumferential surface of the connecting portion 86
is formed with an are-shaped curve which connects
the circumferential edge of the end portion of the
valve body 83 and the circumferential surface of the
second shaft portion 85. When the valve hole 54
starts to be opened, the cross-sectional area of the
flow path varies gradually in accordance with the
movement distance of the valve body 83 so that the
stability of the flow rate control is improved.

A displacement control valve according to the third
embodiment of the present invention will now be de-
scribed with reference to FIGS. 4 and 7. Since most
part of the displacement control valve of the third
embodiment is common or similar to the displace-
ment control valve 50 of the first embodiment, the
common or similar reference numerals of the fist em-
bodiment are applied to those of the third embodi-
ment, and the explanations of these structures are
omitted.

As shown in FIG. 7, a displacement control valve 90
has a first shaft portion 92 with a valve body 93
formed at the end portion thereof and a second shaft
portion 94. The third embodiment differs in the shape
of a connecting portion 95 formed at the end portion
of the valve body 93 from the connecting portion 76
of the first embodiment. R1 indicates a diameter of
the connecting portion 95 adjacent to the first shaft
portion 92, or a diameter of the connecting portion
95 adjacent to the plane end surface of the valve
body 93. The diameter R1 is smaller than an outside
diameter of the valve body 93, and is substantially
equal to the inside diameter of the valve hole 54, R2
indicates a diameter of the connecting portion 95 ad-
jacent to the second shaft portion 94. R4 indicates
a diameter of the second shaft portion 94. The diam-
eter R2 is set larger than the diameter R4. That is,
a step 96 is formed by the connecting portion 95 and
the second shaft portion 94. The diameter of the con-
necting portion 95 decreases from the end portion
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of the valve body 93 toward the second shaft portion
94, and the circumferential surface of the connecting
portion 95 is formed with an arc-shaped curved sur-
face 95a which connects a plane end surface 93a of
the valve body 93 and the step 96 at the end portion
of the second shaft portion 94. The valve seat 54a
is formed around the valve hole 54 in the partition
wall 51 a adjacent to the valve chamber 53, and the
valve hole 54 is closed when the plane end surface
93a of the valve body 93 is in contact with the valve
seat 54a.

FIG 4 shows a graph G3 with a characteristic curve
shown as a two-dot chain line for specifying the
shape of the connecting portion 95. The character-
istic curve of the graph G3 has the same character-
istics as the graph G1 in the areas J1 and J2. That
is, the cross-sectional area of the flow path varies
gradually in accordance with the movement distance
of the valve body 93 in the areas J1 and J2. In the
area J3, the cross-sectional area has reached at the
maximum, as shown by a line between points E and
F.

The displacement control valve of the present inven-
tion has the following effects in addition to the effects
(1), (2) and (3) of the first embodiment.

(5) The connecting portion 95 is formed with an arc-
curved surface 95a which connects the plane end
surface 93a of the valve body 93 and the second
shaft portion 94, and the step 96 is formed by the
arc-curved surface 95a and the second shaft portion
94. Accordingly, the outside diameter R4 of the sec-
ond shaft portion 94 is set smaller than the diameter
R2 of the arc-curved surface 95a adjacent to the sec-
ond shaft portion 94. The maximum area of the cross-
sectional area of the flow path which is determined
by the inside diameter of the valve hole 54 and the
outside diameter of the second shaft portion 94 can
be increased, and the flow rate of the refrigerant at
the fully-opened state can be increased so that the
displacement of the compressor 10 is rapidly de-
creased to the minimum displacement.

[0042] The present invention is not limited to the first
through the third embodiments, but may be variously
modified within the scope of the invention. For example,
the above embodiments may be modified as follows.

[0043] Ineachembodiments, the displacement control
valve has the pressure sensing mechanism which sens-
es the pressure difference between the upstream circuit
and the downstream circuit of the discharge pressure
region. That is, the pressure sensing mechanism is a
type which senses the pressure difference caused by the
flow rate. However, the present invention may be appli-
cable to a displacement control valve with a pressure
sensing mechanism which senses a pressure difference
between a suction pressure region and a discharge pres-
sure region. Alternatively, the present invention may also
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be applicable to a displacement control valve with a pres-
sure sensing mechanism which senses a pressure dif-
ference between a discharge pressure region and a con-
trol pressure region, or a pressure difference based on
a suction pressure region. In the above-described cases,
it is preferable that a refrigerant passage or a chamber
which is required may be added to the displacement con-
trol valve in accordance with the arrangement of a pres-
sure sensing chamber and a valve chamber. The present
invention may be applicable to a displacement control
valve which is located in a control passage which con-
nects a crank chamber and a suction chamber to adjust
the opening degree of the control passage.

[0044] In each of the embodiments, the throttle is pro-
vided in the external refrigerant circuit to divide the ex-
ternal refrigerant circuit into the upstream circuit and the
downstream circuit A throttle may be provided in a dis-
charge passage and pressure in a discharge chamber
or pressure at an upstream side of the throttle may be
introduced into a high-pressure chamber in a displace-
ment control valve, and pressure at an downstream side
of the throttle or pressure in a discharge pressure region
in the external refrigerant circuit is introduced into a low-
pressure chamber in the displacement control valve,
[0045] In each of the embodiments, the refrigerant in
the discharge pressureregionisintroduced into the crank
chamber and is shut from the crank chamber by the dis-
placement control valve. The present invention may be
applicable to a three-way valve which has a passage
from a discharge pressure region to the crank chamber.
[0046] In each of the embodiments, the type of the re-
frigerant is not specified. Fluorocarbon-based gas or car-
bon dioxide is for example preferably used. The refriger-
ant may be gas or liquid.

[0047] The step of the third embodiment may be pro-
vided at the connecting portion of the connecting portion
86 and the second shaft portion 85 in the second em-
bodiment. In this case, the maximum cross-sectional ar-
ea of the flow path can be increased.

[0048] According to the first and the third embodiment,
the diameter R1 of the connecting portion 76, 95 adjacent
to the plane end surface 72a, 93a of the valve body 72,
93 is set smaller than the outside diameter of the valve
body 72, 93 and substantially equal to the inside diameter
of the valve hole 54. The diameter R1 may be set smaller
than the inside diameter of the valve hole 54. In this case,
the axial length of the connecting portion can be short-
ened and the movement distance of the rod can be set
further shorter.

[0049] Therefore, the present examples and embodi-
ments are to be considered as illustrative and not restric-
tive, and the invention is not to be limited to the details
given herein but may be modified within the scope of the
appended claims.

[0050] A displacement control valve for a variable dis-
placement compressor has a control passage, a valve
hole formed in the control passage, a first shaft portion
having a valve body, and a connecting portion connected
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10

to the end portion of the valve body. The control passage
is connected to a crank chamber for controlling the pres-
sure in the crank chamber for adjusting the discharge
displacement of the compressor. The valve body is
formed at an end portion of the first shaft portion to open
and close the valve hole. The connecting portion con-
nected to the end portion of the valve body is disposed
into the valve hole, and a circumferential surface of the
connecting portion has a curved surface so as to be flared
out at an end of the connecting portion.

Claims

1. A displacement control valve (50, 80, 80) for a vari-
able displacement compressor (10) that adjusts the
discharge displacement by controlling the pressure
in a crank chamber (16), the displacement control
valve (50, 80, 90),
characterized in that:

a control passage connected to the crank cham-
ber (16) for controlling the pressure in the crank
chamber (16);

a valve hole (54) formed in the control passage;
a first shaft portion (71, 81, 91) including a valve
body (72, 83, 93) at an end portion thereof to
open and close the valve hole (54); and

a connecting portion (76, 86, 95) connected to
the end portion of the valve body (72, 83, 93) so
that the connecting portion (76, 86, 95) is dis-
posed into the valve hole (54), wherein a circum-
ferential surface of the connecting portion (76,
86, 95) has a curved surface (76a, 86a, 95a) so
as to be flared out at an end of the connecting
portion (76, 86, 95) adjacent to the valve body
(72, 83, 93).

2. The displacement control valve for a variable dis-
placement compressor according to claim 1, char-
acterized in that the curved surface (76a, 86a, 95a)
is formed with an arc.

3. The displacement control valve for a variable dis-
placement compressor according to any one of
claims 1 and 2, characterized in that the curved
surface (76a, 86a, 95a) is connected to a circumfer-
ential edge of the end portion of the valve body (72,
83, 93).

4. The displacement control valve for a variable dis-
placement compressor according to any one of
claims 1 through 3, characterized in that a valve
seat (54a) is formed around the valve hole (54), in
that the valve body (72, 83, 93) has a plane end
surface (72a, 93a) adjacentto the connecting portion
(76, 86, 95), and in that the plane end surface (723,
93a) of the valve body (72, 83, 93) makes contact
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with the valve seat (54a) to close the valve hole (54),

The displacement control valve for a variable dis-
placement compressor according to any one of
claims 1 through 4, characterized in that a second
shaft portion (75, 85, 94) is connected to the con-
necting portion (76, 86, 96).

The displacement control valve for a variable dis-
placement compressor according to claim 5, char-
acterized in that a diameter (R1, R3) of the end of
the connecting portion(76, 86, 96) adjacent to the
valve body (72, 83, 93) is larger than a diameter (R2)
of an end of the connecting portion (76, 86, 95) ad-
jacent to the second shaft portion (75, 85, 94).

The displacement control valve for a variable dis-
placement compressor according to any one of
claims 5 and 6, characterized in that a step (96) is
formed by the connecting portion (76, 86, 95) and
the second shaft portion (75, 85, 94).

The displacement control valve for a variable dis-
placement compressor according to any one of
claims 1through 7, characterized in that a pressure
sensing mechanism (62) is formed to move the valve
body (72, 83, 93).

The displacement control valve for a variable dis-
placement compressor according to any one of
claims 1 through 8, characterized in that a solenoid
(66, 67, 68, 69) is formed to move the valve body
(72, 83, 93).
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FIG. 4
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FIG. 8 (PRIOR ART)
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